An earthquake model is derived by considering the effective stress available to accelerate the sides of the fault. The model describes near-and far-field displacement-time functions and spectra and includes the effect of fractional stress drop. It succe•fully explains the near-and far-field spectra observed for earthquakes and indicates that effective stresses are of the order of 100 bars. For this stress, the estimated upper limit of near-fault particle velocity is 100 cm/sec, and the estimated upper limit for accelerations is approximately 2g at 10 Hz and proportionally lower for lower frequencies. 
earthquake spectra. Obvious modifications of the idealized model considered here may be made in the study of particular earthquakes.
NEAR-SouRCE MOOEL OF AN EARTHQUAKE DISLOCATION
We model an earthquake dislocation as a tangential stress pulse applied to the interior of a dislocation surface' in particular, as a stress pulse in one direction applied to the fault block on one side of the fault, and in the opposite direction to the other fault block (see Figure 1 ).
We assume that the pulse is applied instantaneously over the fault surface i.e., we neglect fault propagation effects. This assumption is discussed at. the end of this section. During rupture, the fault surface is equivalent to a surface unable to transmit shear waves from one block to tile other, i.e., the fault surface during rupture is totally reflecting to shear waves. a(x, t) = a H(t-
where H(t) is the Heaviside unit step function surface, the particle displacement is initially given by (2). Near the edges of tile fault the H(t) = 0 t< 0 boundary conditions require compression and rarefaction of the medium, with consequent It(t) = l t > 0 motions normal to the fault plane. These normal
•r is the effective shear stress and fi is the shear motions are comparable in magnitude to the wave velocity. tangential motion near the center of the fault, The tangential displacement u corresponding but produce angular momentum of opposite to (1) may be obtained by integration since sign, so that the net angular momentum is •r = t•Ou/Ox, giving at x = 0 TECTONIC STRESS AND SEISMIC SHEAR WAVE SPECTRA For a = 100 bars = 108 dynes/cm -•, •t = 3 X 10 • dynes/cm ', and fl = 3 km/sec = 3 X 105 cm/sec, (4) gives /t = 100 cm/sec. A stress of 1000 bars gives /t = 1000 cm/sec. 100 cm/sec appears to be a good value for the tipper limit of initial velocities observed in earthquakes (Table i In reality the stress pulse will be applied as a propagating source, and the spectrum will be modified by a propagation directivity func-4999 tion defined later. The particle velocities,/•, are always much smaller than the rupture propagation velocity v (since the.stresses are much less than the shear modulus •), and thus the interaction of particle motion velocity with the rupture velocity will always be small, i.e., the average energy spectrum for instantaneous application of stress will be approximately valid; however, the finite velocity of rupture will focus the energy in the direction of propagation and thus introduce a strong azimuthal dependence upon the radiation.
MAXIMUM NEAR-SOURCE ACCELERATION
Although the accelerations given by (2) are infinite at the arrival time of the puls% the forces remain finite because the accelerating masses are zero in the limit. We may predict, the maximum accelerations expected at any finite frequency or for any frequency band from (3). This will correspond to the maximum accelerations expected for masses with volume of the order of the cube of the wavelength. During cracking of rocks, rockbursts, etc., extremely high accelerations are obtained, buY' cnly at, very high frequencies. For engineering seismology, these high accelerations at high frequencies are not important since the building resistance to damage at high frequencies is very great. The frequencies of greatest interest in engineering seismology are less than 10 Hz, • may actually be very small for large earthquakes because the energy available is sufficient to melt the rock along the fault zone, thus reducing the friction to nearly zero. We assume that creep occurring after the rapid fault slippage has stopped has a time constant too great to generate observable seismic waves.
NEAR-FIELD EFFECT OF TYiE FINITE DISLOCATION SIZE
As the effects of the edges of the dislocation surface become felt at the observation point, the particle velocity will be decreased and approach zero for times large compared to the distance to 
FiR-FIELD I{tDItTION SPECTRUM
As the distance to the observation point increases, diffraction reduces the long-period or static spectrum, i.e., the static field decays at a higher order of distance R than the dynamic field. At large distances and large wavelengths (compared to the source dimensions), the effect of the opposing side of the fault diffracts around To study the average far-field spectrum, we approximate the effect of diffraction by multiplying the displacement function by an exponential with decay time of the order of r/fi and multiply by a factor ['r/R to take into account spherical spreading: u -f. in agreement with the form of (17). As an approximation for the average pulse from a circular dislocation, we shall choose ! and a such that the spectrum in the long-period limit agrees with the dislocation source moment, and in the high-frequency limit, conserves the energy-density flux at. large distances.
Immediately after the application of the stress pulse, the energy is flowing away from the dis- , 1966 ]. We can model this effect by supposing that at a short time t• after the initial shear stress is applied a reverse stress of ! --• is applied. The long-period spectra and seismic moment will be reduced to • times the value for 100% stress drop; however, the very high frequency spectra will be much less affected. Several mechanisms can lead to average slip (or average stress drop) over the fault plane being less than that corresponding to 100% effective stress drop. For example, if the rupture propagates along the fault plane and the fault plane locks itself after the rupture has passed, the rupture may travel large distances (not determined by the effective stress) with the total effective stress operating only for a short time as the rupture passes a given point. A similar situation occurs if the stress release is not uniform and coherent over the whole fault plane, or if the rupture proceeds as a series of multiple events. The dimensions of the zone of energy release will not be determined by the effective stress, and even though the total effective stress will be acting over certain portions of the fault plane for short periods of time, the average slip (stress drop) over the fault plane is much less than that corresponding to 100% effective stress drop.
The displacement ( propagating source is to strongly focus the high-frequency energy in the direction of the rupture propagation, but since the same amount of energy is radiated as in the case of instantaneous application of stress, the rms spectral density taken over the radiation pattern will be the same. In a particular direction the spectrum may be considerably distorted from the case of instantaneous stress application. In this study we assume that the appropriate averaging over the radiation pattern has been performed or that corrections have been made for the effect of rupture propagation, so that the spectra may be interpreted in terms of the instantaneous stress application model. in this study may be used to estimate effective stress, stress drop, and source dimensions by comparing observed seismic spectra with the theoretical spectra.
